Background and objectives: Magnesium is established as a neuro-protective agent and now also known as a vasodilator. It has been known for treating vasospasm following subarachnoid hemorrhage. However, its action mechanism in cerebral vascular relaxation is not clear. Potassium channels play a pivotal role in the relaxation of smooth muscle cells. To investigate their role in magnesium-induced relaxation of basilar smooth muscle cells, we examined the effect of magnesium on potassium channels using the patch clamp technique on cells from rabbit basilar artery.
INTRODUCTION
Cerebral vasospasm following subarachnoid hemorrhage (SAH) is one of the major causes of cerebral ischemia and is the leading cause morbidity and mortality [1] . Currently, the most common therapeutic approaches to vasospasm are the use of calcium antagonists and triple Htherapy along with chemical angioplasty, non detachable silicone ballons angioplasty etc. However, the reported outcome remains rather modest and the best form of treatment for SAH vasospasm is still not clear [2] . Because of this, adjunctive therapies are being developed based on etiology of vasospasm at cellular level. Magnesium is one of the adjuncts being used. Several experimental and recent clinical studies have demonstrated the beneficial effects, safety and feasibility of use of magnesium in SAH [2] [3] [4] [5] [6] [7] . Magnesium is a well-known vasodilator and is thought to act on potassium channels to exert its vasodilatory effect [8] . The activation of potassium channels induces potassium ion efflux and then causes membrane hyperpolarization, which initiates the relaxation of vascular smooth muscle cells and thus prevents the vasospasm [9] . Here, we hypothesized that magnesium induced the relaxation of smooth muscle cells in the cerebro-vascular artery through potassium channel activation in rabbit. This study was therefore conducted to investigate the effect of magnesium on potassium channels in rabbit basilar smooth muscle cells and to clarify the role of potassium channels in magnesiummediated action.
MATERIAL AND METHODS
New Zealand (NZ) white adult rabbits (all male, weight 2.5-3 kg) were used in the experiment. Smooth muscle cells were isolated from the basilar artery by enzyme treatment. Isolated cells stained positive for α-actin and The cells were used within 24 hours of enzymatic treatment.
Whole-cell current recording:
Cells were voltage-clamped using the whole-cell patch clamp technique [8] [9] [10] . Membrane current data were collected and amplified using the patch clamp Axon-patch 200B and Clampex 7 programs (Axon Instruments). Data analysis was performed using Clampfit 9. All experiments were carried out at room temperature (20~25 °C). To identify which potassium channels are involved in the magnesium-induced currents, we used the potassium channel blockers tetraethylammonium (TEA), glibenclamide and iberiotoxin (IBX).
Solutions and drugs:
To record the Ca 2+ -activated K + current, the bath solution for whole-cell recording contained (in mM): NaCl 136, KCl 5.4, Mg Cl2 1.2, CaCl2 1.8, HEPES 10, Glucose 5.2 and pH adjusted to 7.4 with NaOH. The pipette solution contained (in mM): 140 KCl, CaCl2 0.65, ethylenebis (oxonitrilo) tetraacetic acid (EGTA) 3, HEPES 10, Glucose 10 and pH adjusted to 7.4 with KOH. The free calcium concentration in the pipette solution was estimated to be 10 nM. To identify which potassium channels are involved in the magnesium-induced currents, we used the potassium channel blockers tetraethylammonium (TEA), glibenclamide and iberiotoxin (IBX).
Data analysis:
Data are expressed as relative values to control level (±S.E.M.). Differences between groups were assessed by paired t-test or one sample t-test to compare the relative values.
RESULTS
To examine the effect of magnesium on K + current in rabbit basilar artery smooth muscle, the membrane potentials were held at -60 mV, depolarizing pulses were then applied in 20-mV steps every 3 seconds for 600 ms, and whole cell voltage clamp recordings were obtained [8] . Under control conditions, depolarizing pulses elicited outward K + currents; however, no marked inward current was observed in the same voltage ranges.
A typical trace showing increased outward K + current following bath application of 5 mM magnesium is shown in Figure 1 . The outward K + current was recovered to the control level after washout. Figure 2 shows the relative outward K + currents. The outward K + current was increased by 46% (1.46±0.14, n=23) by application of 5 mM magnesium (p<0.01). Fig.1 . Typical examples of outward K + currents evoked by a 600-ms depolarizing pulse to +140 mV from a holding potential of -60 mV in control, in the presence of 5 mM magnesium, and after washout. The outward K + current was decreased significantly by TEA application (p<0.01, n=3), and were not affected by glibenclamide (3 mM), an ATP-sensitive K + channel (KATP) blocker. Calcium-dependent large conductance Kchannel blocker, iberiotoxin (IBX) alone significantly (p<0.05, n=3) decreased the outward K + current and magnesium (5 mM) failed to increase the outward K + current in the presence of IBX, suggesting that BKCa channels were involved in the magnesium-induced increase of outward K + current on basilar artery smooth muscle cells (Figure 3 ).
DISCUSSION
In this study, we examined the effect of magnesium on outward K + current induced by depolarizing pulse using the patch clamp technique and found that magnesium activated the BKCa channel in rabbit basilar artery smooth muscle cells. This result could afford a logical mechanism for magnesium-induced vascular relaxation and provide background for the clinical use of magnesium, especially in treating vasospasm following SAH.
The activation of BKCa channel by Mg 2+ in intact cells could be explained in a number of ways. Magnesium could activate BKCa channel by directly affecting the channel or a closely associated site [9] [10] [11] or indirectly by causing release of calcium from intracellular stores [12] . The current literature shows that the Mg 2+ binding site is located in the intracellular RCK (regulator of conductance for K + ) domain of the channel protein [13, 14] . Binding of Mg 2+ in the intracellular RCK domain opens the activation gate in BKCa through an allosteric mechanism [13, 14] 2+ ]i could be due to direct influx by a change in magnesium gradi ent, by carrier-mediated transport, partially by active transport and by magnesium buffering [15] .
The rise in [Mg 2+ ]i can then internally act upon the BKCa channel to activate the channel. Because of the large unitary conductance of BKCa channels, the opening of this channel leads to quick hyperpolarization of the smooth muscle, thereby relaxing the cerebrovascular smooth muscle cells.
CONCLUSION
In summary, this study indicates that magnesium acts by increasing the conductance of BKCa channels to exert its vasodilatory effect in basilar artery smooth muscle cells. This will provide some background for the clinical uses of magnesium as adjunct therapy for treating patient with subarachnoid hemorrhage.
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